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ts« • »E&-Tsr»jSft Ni/Au »±^pr3*^»*ft»ff 

gftJKffilf • Ni/Au Jf fPSJfeJRffilf 
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GaN-based S - V gnmp compound semieondoctor light-emitting diode and the 
manufacturing method thereof 
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ft-m^RKmrnxm j > -m mmnmitmm c 

GaN-based) M -V & U m 2. & ft - & & % (light-emitting 
diode • WfgLED) » ±HI4-li± ( substrate) M - 
# M H ia Ip #i ( multi- layered epitaxial structure ) » ft ^ — nj 
^J^5$-Ni/AuM±^ RJl3fc^Iiftf (metal oxide layer 
' #!J$DZnO) ft m ft W HOW ( light extraction layer)' fflj 

ffl Ni/AuM ft^7fei5mMisi#«^ H B B ^i#rBi^i^M^^ ( 

Ohmic Contact) if » M fit ~ LED£ f$ }fc §g g • 

@ ( n-type metal contact) S — pM^®«@ ( p-type metal 

contact) ; , m^m^B%mm5L^mmmm a 

buffer layer) * fg — If ft jff » 3fe £ £ Jff (light generating 
layer) * — 3*$£fllJf^ ; J£ c£ , ^Ni/Aujf- • {1 j& J* 

fg - ^H|fi/f _h » J.^^UtB* ' 0*^/#JftNi/AuJ»± > jp 
il^SUm - tlfiiiS ( Rough Surface) ^IfS 
%Cti& ' ift W £ El fctj ^ ( light extraction efficiency ) - 

; 'It > Ni/Au^»^#ip^w^^te«^^^^:#jr^t£ ' 

H.Jtfc ' ££1##ifc± • Ni/A-u|g<»2:fiR^»iKffi» • fll RTio.005 



r 



S0.2# m£H : X ' mnWvff-ftm 6 c( Critical Angle) 

ift ft £ 25 flfc Sfc fcb ' S0Ni/AuJB«£P«tf*;2:RRft!lT ' ££f 
StS ft ft £ *t & ' 35 {Mr * ft S S £ * ° 

b as n n e t « Wi - # « a. a & : 

01 ^.^:«^H^JU— RT^^^Ni/AuJ»±2: RT23fe^ii 
ifti ( ^U$PZnO) ffl3felitJf ' MfUMNi/AuJf fFJift 

ufflJtfi^itsa^flira^iKfls^jaj* • m«j& — led£ 
ft mm ' j.&ftixfctiJ*ffftM4>an^m' #t rj s ft 12 tb 

02^ » E £ ft IX -iB Jf ' RT^ tli^MIIS^I 

• • rt is m at « - ^H^iifi > ^E^ii 

3£ 3£ ti& «HrT H « £ » 



03 ^ »ftflXfcBJ*ffi:ftW&KTElRB& ' ^Rj*#i^f@H 



04 - * 3 m 2. Jg ft JV ' ffi RT S GaN # s ^ # (- 
Multi-Quantum Well > fjf HMQW ) ^ InGaN^ i ^ # ( MQW 
)' lSAlGaInNgIII-V«S£|| — gUJff ; 

05 * ZnO * InxZni-xCf ^-SnxZm-xO * InxSnyZm-x-,0^ M ft • 

06^ ffiMm&i.5£x±2.£mm,fcm • ip^m/bs^s* 

E £ 5fe ffi fib J* # ; 

07 • n£!tt&3cp£[ ft jf ' ^ j£ * S 5fe 

09- ftW^t^RjE^l^ttK ( 0!l"$nifc*£4OOS 
700nm) £ # ^ ft /» ' Jfi S * $ BJ! 5fe IS £B /» 2 9 ffl # # • 

n i h ft ft * & tig £ & «g g * a* fti 



H£ 4 



/I \ 



19 ffl^ft*»^^ffi^z:||S6^J2:^jR7^«B 
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1 0 

1 1 



e03 /Br 



mi 2in$s^jsg = 
±mmn 

# M 

n-GaNjf 21 
21a 
MffiM22 

^-^^^^24 
p-GaNJf 25 

Ni/Aujf 27 
II ~ ^*|fiJS28 
Ni/Aui££Sg H jf 29 
7fe¥X££J/f 30 
^M301 
Mil 302 

Jl?£jfeSl§fr 303,305 
[Ellf 307 



Jfi $1 £ «S 

% m t m 
mmTtm 



ZnO^^PJS31 1 
InxZn.-xO^ iPf 32 
SmZm-xO^ & □ JW33 
InxSnyZni-x-vO^ If P JH 34 

fli ffl 3fe ft m 5: zno# jfsf. . \>x m & .5: ^^^^-ai^jsj^ 
it • turn i ^ 2 if • *»^^ac^Rrfe*j^T2:^» 

#H ' fljJBEJ*E > (sapphire) IK fi* ft # ( SiC ) fl? j§ S f£ 

n-GaN^^^ B B B r7ll*®21 : 

^IR2 » r ^n-GaNjf ± j^^ — /f j £ # 

R ' S*R*£Rl ' ^n-GaN^£|| H B H #i8IM21±i^ — MQW 

£y£14jf 23 ; 

ZPm ' SI^S2' ftMQW^ 14 Jt 23_h J&ffc — M p-GaN^ 
( p-GaN-based » M $0 : p-GaN > p-InGaN » p-AHnGaN) £ ^ 

HtfC8lJt25 • RM$&m& ( Etching) jfc g|3 {ft n-GaNJf 2 1 £t ® 
* SB{&MQW$gteJt23 - RS5f&p-GaNJt25^l^ • {£n-GaNjf 

2lIW-ltBI2ia ; 
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z^-m ' Sfff^R3 > Rr&teM&umt*;£p-GaN»25*Di > 

£g ± — Jf @ if £ Ni/Aujf 27 ; 

#SB5 • fl*H r ftNi/AuJf^t®ig±ZnO^^P Jff j £ # 
IE ' © W. # 4 > ft Ni/Aujf 27^ ® > H _h ^ ^ ft 1 n m J? 
£ZnO^^Pjf 31 > MSNi/Aujf 27fFltZnO^^P Jf 31J/a 
p-GaNJf 25H £K»gs»Jf : 

^ R 6 • M r ft ZhO* MBJi»«S±5g^^®MSj 
' &MPWt5 » Rlftn-GaNjf 2l£® ft® 21a±f£g — 
ngy #11^40- 3£ ftZnO^^ P Jf 31±f&e — pM *@ 
50; IHZnO^f Pf 31If g > i&R]"ftZnO^ 

jh « a so© m 2: «p f& ) ' it - ^ 5s ^ « ® m m m « ^ s. ^ ft 

SrJft ' &H*J& — LED£»3fefK« ' 5.ZnO^^P^31^ 

atmmm&mwm • ^ ft 5* = * $ £ & j» $ ^ m c 

ZnO)> ^Rj S $8£g g (self-texturing by sputtering.) 

^^T^^C ' ^CRTS^lI^flfrLfi ( physical vapor deposition 
) ' RT dalt^mM (ion plating) mffiTfrfc ' ^ 

RjSMfjWM^it (pulsed laser evaporation) fefftl&tfL ' 
Rl ft P & fii #L ft ( chemical vapor deposition) pjf J$ 
• ^c"rT^^-?^:^ b h h^^ ( molecular beam epitaxy ) feffiM 



jitmmw^mtammm • 75 : stt ^ ^ ^fe ^ k - 
*s&mmmmmm ■ 11^ - tteii ^ led - s^it muffl 

S 1 1 • # ^ W W ML ° 

— #Jf ^b h h^1#20 * — Ni/Aul££§^3§ Jf 29 * ^ 3fc^£BJf 30 
H Ip tf§ 205£ ^ fi§ M « J» 22 ^ f-f il!24 ^ M £ if 26 

mmmm 22* mnmm 102. ±mm nffij£j£2:LT-GaN / 

HT-GaN'^iKWJt * LT-GaNf^li^J^JI^XfS 101±£f« 
Hffi/ff ' JPj^ RTS30S500A HT-GaN#m^^^LT-GaN± 
£ iff ifi illOff J* » J?Jg RlS0.5S6/i m ; 

^f| — ££^ff j#24 ' ^^S^«iaffJ»22_h^iiSlGaNlS 
III -V ^ffc^%#^ff Jf ( n-type gallium nitride-based HI - 
V group compound semiconductor).' jp ^ rJ iSE 2S 6 /z m • 
SfflSTg*^^ 980S 1080°C £H ; 

SE&££J*26-» ^^cft^SI — ^SIfl|jt24±^GaN* H 
-VSSfc^f&l^^fliJ* (gallium nitride-based HI - V group 
compound semiconductor)' f§ ^ S 14 J5" ' oJ ^ GaN# m 
# (Multi-Quantum Well' IfiffgMQW) ^InGaN#*?# ( 
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MQW) ; ^ 

ll-Vl^-^t^ilf ( p-type gallium nitride-based EE 
- V group compound semiconductor.) ' MtU '■ p-GaN » p-InGaN 
- p-AUnGaNZ^ikmW.m ' J? f£ Rj l£ 0.2M 0.5 (i m • 
j^Tg^i£950Sl000 o C5:r B 1 ; 
. Ni/Au®£ M m M m 29 • ii^^lr^lif 283fe M 
' °J^0.005M0.2^ m ; . * 

^3t;^m/f 30 • ffi j£ ^ Ni/Aujf 29± & 3fe Z & JK ft 
•ftl (light-transmitting oxide-metallic material)' qT^ZnO 
#ff \JPgS4>3El#m' _E. =i: WffiM ® 301 • ifi Ni/Au 

24aJL ; 

*Jtt.» Rlfli^-JI WTfefXtBJf 30£^3r:§|g . J. 3fe US 
mj»30RHEfl£}gtelE ( active region) FiTtt^3feI^^f 
IX tBJ» 3051(11 ' rfn^f^OTfe (emitted light) £ 

& ttj £ ± jv 26 ( ip m f4 jv ) ' ft ri fi & m - m n m c 

epitaxial layer) - J. ^ H H Jff ' % 6 AlGalnNS HI - V J£ ft 
% ^ lg f§ jf- (aluminum-gallium-indium-nitride-based III - V 
group compound semiconductor ) #t#Ij3c : 
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SnxZnl-xOJi # fi * & InxSnyZnl-x-yOjf U Jf #T fll ^ j£ ^ 1 

SE Tfe 15 fib Jf 30 ■ 2fc RJ j£ 0f *f ^ X refractive index) S 4> 

my6W&M30 > ^ nJJinSyfil If ( n -t yP e conduction) 
plf^IS ( p-type conduction ) ^iliftf f ; , 

mytmftm 30 > ft wmB.mmm±7tm c rare 

earth-doped) £LjkMM,1kM% > 

m mm 30 ■ ^^myti^mm c 

transparency in visible range) £ ^ ® <(£ jf- % » $f £n : fe 
■ *5&400S700nm# ; 

i#^H4i^T7F ' * # Bj! £ 3fc 15 £rj Jff 30 > 
£fSB Rl^50AS5.0// m - ft nj jg ^ ; £ S*LED£S#£g 
fi 1^3 ' Hf S f^^^f 0c( Critical Angle) ft £ 3fc ^ 

' M^W^f^Tfe^tB^ ; • Jf 305£ Jl^ffifi 

^®301 . Slit . H WJ5£2fl!l*302 • ITo rT « *t 2JD }fe £ 
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mm > si — tin & aw • m^^eteikk- ». in« 

iffit#0^;£5&J3££fc£t} = £PH 5 if ' KE7gi[ft&303 ' rJ 



J3IBIItflI^ = fc&fI#:$n£6 HfJf^ ■ SF«*EJR&305 » 

Rmeg^HflS (&^J£«) # ; J. £ ti& ansr « « £ » *b # 
qrs^i^fiiinif 307mffl»M^ ■ 5.^^3075:^1^^ 

^RT^^JMH^^ * > > S#S1^# ■ HI 307K 

i#H9 11 0 BI ffi ' £ £ - * ftf cfj . 9 f% 

^ Jig 5a » f£J§ r ^SNi/AuM^MIiiln.Zni-xO^^ □ if 

mf g^In«Zn,-x0^f D132 ■ M Ni/Aujf 27ft 3i InxZn.-*0 
^»PJ»32Hp-GaNJ»25M^i)t»fij»j» : 

lj ' &M#W5<i> Rj^n-GaNjf 2l £® £ti "S 21a± 

t&g — nl #® *^40 ' M^InxZn.-xO^ ft P M 32±l&g — p 
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M±MMM50' JL 13 InxZni-xO^ ^ □ jf 32ft f 1 i # m J¥ 
' 4fc Rr&In,Zn...OZS&PJff32£1£gt^® ( IP In.Zn...03j5 
□ J»32*® ^-g-H'pSl^JB*ffi50|g»5:^f9- ) » H — 

ieMmfiM ' m « & # » «b £ » «if3i#iaif . 
m^mm i 1 s 1 2 hi m ^ • £ n = * $j * ■ 

^WSh ' %m r SNi/AuJf ^®|g±SnxZn>-,0^^n iff 
j £ # B? ' #84- SE Ni/Au/f 27^ m ' £ ± 5 *p & 1 # 

mjp m. £. SnxZni-xO^ f PI33' Ifi Ni/AuJt 27fF H SnxZn.-xO 
^»PJ»33flp-GaNJ»25|iB5:IR»»»Jt ; 

#SH.6b» «. r ^SnxZn.-xO^ag0^^mM±SS^^M^ 
S j > ^«#,^5b • RT^n-GaNJf 2l£H£BlD 21a± 

ISS — ngy ^^lt@40' M ^SnxZm-xO^^P M33±f^g — p 

iy^^m@50 ' J.HSn»Zni-«Oa5tfr □» 33^WS4U0 mJ¥ 

S ' Rl^SnxZn.-xO^^ □ M33^1f S^M (gpSnxZm-xO 

^m^mwrnm • rrff^wffi«i*®33i3cK*ejRi& • 



fir 1 



16 



§ t # m it 1 3ii 4 m ft . n * j& m ^ ' 

^.ft^*^:S[|l«^*llE^#ffl|^ > m&WH 5,6B£ ft ^ R 
5C,6C • : 

#«5C > ^ M r ^ENi/Au»^®i|±in,Sn,Zn..,.,0^^ 
PS j ' mm^m4 • ^Ni/Aujf 27gtM > H-LM4> 

3£ 1 # mjp £ InxSnyZm-x-yO^ fPf 34 • MS Ni/Auj! 27f£ 
^InxSnyZn.-,-yO^ f& □ Jf 34J& p-GaNJl 25fU! £ 1£ £f g $f iff . ; 

#H6C > r ^InxSnyZni-x-yO^MH^iSWMJiSg^^ 

Illj^^g-ilf - RT£n-GaNJff 21 M 21a 

±KI-nS#Ili40 ' M^InxSnyZn.-x.yO^ m P JW 34± 
KI-pI^IIi50 > SInxSnyZn.,x-,0^ $ P Jff 34^ W 
i^lj^mf I - ^RT ; £lnxSnyZn l -x.yO^^P^34^^®^® 
( iPInxSnyZn.-x-yO^ ^ P Jf 34^ M ^ H pi ^ ft @ 50^ 

• ft f# & si tb v #j 2: ^ it . mm^Hmm^mm * u » j** ^ 
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m m. 15 m j • % °r & \>x t it & m ■ 

(a) j£mW.±1&M n-GaN || B l?illl^^l ' fUffi 

m^^s^^itw c sio f^nsts ' j. & s & 2. ® ^ ^ 

— B.WM'i& ' If J& ft ~ iff n-GaN % it ^ H #E IX Jff > 

( b ) £ n-GaN jff ± j£ ft - MQW 14 Jff it & BE ' ^ 
( a)' £ n-GaN * £ H H tfl HI Jff ± ^ ^ - MQW it 14 



Miti&Wfc 

m ' «± 



( c ) # f£ iff -h ft p-GaN %U^YjiW.Mit^ 

p m ( b ) ' :£ MQW $gf£Jff±712j£ — Jff P-GaN ^ 
( p-GaN-based) £ H H ffi Jff ' £ H$ SB to n " GaN 

ff*® *SBto MQW Jg t£ Jff * R SB to P-GaN i^^'f n-GaN 

^ w — S ta® :. 

( d) J± p-GaN Jl^tMff _h Ni/Au @fc$S 
(c)« RT^EttlEflftiW»5: P-GaN 
j&W-lt Ni/Au Jff • 

( e) & Ni/Au Jff ^ ® fit ± Zn0 ^ ^ P 
f£ ( d ) > £ Ni/Au Jff ® ' IgJlM^^ 1 // m Jp ^ £ ZnO 
5£^P Jff ' Ni/Au Jf fEfi ZnO ^ & □ Jff H p-GaN Jff H 

£i£*§^ft§Jf : 

( f) £ ZnO ^M0^^*®±^^^®^SI^^' 1 
5 ' ^S1± n-GaN Jff £ ffi £B M ± fx S — nlii' 
M£E ZnO Jff'±g&tt- plilti'l^ zn °^^ 

□ Jff£SII*£I] Jfe^Bfc&ffl^Wffiffi*®*^** 



■ if ft • ki w ^ — led 2. a * ig a 

Me**.** (SiC ) , fl« S &^ ±3ft - B ^^ 

Cb) ft n-GaN m±&M~ MQWgftJ| i#S , g ^ 



M#m ( b ) • £ M QW p-GaN * 

Cp-GaN-based) 2 S ft ^ « » . « ^ ffi ^ gg ^ n . GaN 
MQW fS ft * - » g P p-GaN » » R* • ffi n-GaN 

saw— mmw ■■ 

(d) £ p-GaN»» B tt_t Ni/Au » » jg Jf £ ^ gj* , 

»m»m (c). m^mmmmm^. p . GaN WSIBj , ffi± _ 

( e) £ Ni/Au «=ftHt£± In x Zn,. x O 3? ST □ S 2 # « ■ 

I»»Zn I ..0**pjf. S6S Ni/Au Jfft=jg In,Zn,.,0*«PJ» 
« p-GaN » flfl 2 B«; » jg jf ; ■ 

(f) £ In x Zn,. x O 3R«l9»*J»±ifi^ SeS , i j ai ^. 
R ' ( e) . nTft n-GaN *iBajffi±K B - n M 

• in,zn,.,o %®um±vkm- p S # « H 
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( a ) £ £ _L ^ M n-GaN ^ g§ J| U It JV £ ^ BE ' mm 

IlEISft^ (SiC) • JL^*tS5l±^®^^ 

-mmmW: ' — Jt n-GaN ^^nn^mi ; 

' ( b) £ n-GaN jf _h 6£ Jl — MQW ^ftf > 
^ R ( a ) . £ n-GaN % j£ g H r/L ft Jff _L ^ j£ — MQW £ Jg f£ 



( c) # s t£ j* ± i£ s p-GaN %mgkumm^^ 
m^m c b ) > as mqw ?g. m ±m j% — m p-GaN ^ 

( p-GaN-based) £ g j| r/L ft Jf ' KMI&M&l&fflia n-GaN 
Jf *p*SPf& MQW ig f£ Jf * £ g& f& p-GaN Jt > n-GaN 

f If -ItBI ; 

( d) & p-GaN Jf ^®ff ± Ni/Au Rft&jVJV;£^K > 

mm^m c o > Rr^ti^m^^^: P -GaN jf£@ • ig± — 

Ni/Au jff ; 

( e) :£ Ni/Au Jf ^t®^± In x Zn,. x O ||P|^^I ' 
S iff # BE ( d ) » # Ni/Au jf * ® . • fit ± M ^ Umf'li 
Sn x Zn,. x O J&fan-m ' MS Ni/Au Jf ft JS Sn x Zn,. x O 
mm p-GaNifaUtliif ; 

( f ) £ Sn x Zn,. x O ^M0^^*M±SS^^ISJ^S^# 
6E ' mm^m. ( e) ■ nj:£ n-GaN Jf £®£B® JlI&S- n M 
^^mH ' M^ Sn x Zn,. x O ^^Pjf ±i3M — p M^^m 



20 



• Rte Sn x Zn,. x O Unf^SliS • 5£ ^ £ ® & jf|j 

Wffi«*®^K7EjR» ; jfifjth - Mm®,- LED £§t;ft§| 



5fe — W. 



4.— a r fcft^J^-v&fc-^^if 

( a ) £ £ f£ _h j% £ n-GaN ^ II H H H 7/E !t Jt £ #r ^ . jflj 

-mm mm • ^^i-t n -GaN ^ 'j^ss^es* jt ; 

. ( b) & n-GaN Jf Jh ^ ^ — MQW ?g t£ jf £ £r > £ J|( 
a). £ n-GaN % £ H H U W M ± 7£ $C — MQW^^ft 



"(c) # Jg f£ Jf _h p-GaN & & tf[ W. M It & 

(b) - JE MQW y£ tt M ± m m p-GaN ^ 

(p-G.aN-based) .5:SJ|^fl|Jt . J. \>X ftfe £0 iMF 21$ fSh n-GaN 
J»*ffi ^ SPf9- MQW *g ft J» - X SB {& p-GaN jf ^ |^ .ft n -GaN 

if ^^T — StB® ; 

( d) & P-GaN Jf ilMfl± Ni/Au l£2t^$§jf;£#^ , 
Sf*^» (c)> oI&tilM&mtiiZ. P-GaN jfglM . «± — 

m^mz. Ni/Au ^ ; 

(e) £ Ni/Au Jf^®||± In x Sn Y Zn,_ x _ Y 0 |fpf^ 
&Wk ' mm^m ( d) . £ Ni/Au jff ££o ■ tt±S^^ 1/z m 
i? £. In x Sn Y Zn,. x . Y 0 %^UM ' MS Ni/Au f ^ 
In x Sn Y Zn,. x . Y 0 3£ ^ P jf Jfil p-GaN Jf Fh 8 ! £ Ifc g£ fig Jf : 

( f)# In x Sn Y Zn,. x . Y 0 ^ & B J & M ± M ^ * ® A 31 £ 

^« ' mm&m c e) . .pj^ n -GaN mz.mitim±wtw.- n 
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m&mnm > in x sn Y z ni . x . Y o xtinm±&m— ?9 
mmm « in x sn Y zn,. x . Y o itpf^siii ' m^m 
mmmmm^mmmmmmiz®t$& ; mtb ■ &mj&- led 
£ ^ 3fe m m ■• 

ij'^^-SS'-#fI B H H |gl — Ni/Au Ifc ^ ^ > 

-7fe^m» * - n m&mnm&— P itiiiii^ , 

' ( Sic) : . 

' R IS * JV ' fl^li^iiifi^^ LT-GaN / 
HT-GaN 2_mmm ■ LT-GaN ft j£ £ £ * £ ± £ ffi & ' 

ffiJV ■ HT-GaN LT-GaN ±3lWffl«»j» : 

> ^^^m-^^«»±5l GaN^m-V. 
Ife^ltltlli • 35 IB H t£ JS . nj£§ GaN ^ S ^ # 
( MQW) ; 

m Ni/Au ' ii^^iz^iifgi : 

^ ft if ' Ni/Au Jf ± rT ^ # £ £ » 

• rTJ§ ZnO UW ' flEgM4>& 1 n m . .& ^ W *1 H M II 

' Mfe Ni/Au Mf^^7fefXdjMI^^ — ^ 
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(GaN-based) £^7^ — ^fi • 

^mmzmyt-mm j> » • 300 s 

450 zz m ; ^ LT-GaN jp jg • pJ £ 30 jg 500A ; ^ HT-GaN 

^fl' af« o.5i6//m; if-^ili^II • r!£ 

2 M 6 # m ; ^ H ~ 4> If |f jf ' ~*J M p-GaN > P -InGaN - 
p- AlInGaN Z bb #L W. M ' M Wt Rl ^ 0.2 M 0.5 /z m ; ®E Ni/Au 
tiiif I ' 0.005 M 0.2/imo 

InGaN#i^F# ( MQW ) • 

^ £ » & = ffi M j • ' ^#M£J* ' it-^-^RTH 

feM-i B B B f ' I1I H 0 B I ' AlGalnN S IE -V^ft-^ 

In x Zn,. x O iMIFJTlJt^ilSfti ' JE O^X^ 1 ° 

10. $n iffi Ifijiil 5 11^ r iftf li-vift-^^ 

Sn x Zn,. x O StJJffifie3l^I«ftl ' I O^X^ 1 • 
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in - v m ft i=r W 

n - v m ft S 



In x Sn y Zn,. x . y O I#f^l^^tliftf ' 5. O^X^l . 
I O^Y^l ' I O^X+Y^l • 

13. $p^it mmmmm smz. r Mfti 

14. $n^gff ^'JfGHil 511^ r Mlkmmm-v Mikity) 

15. $Q 3Uffif V?!J'9&H£ 5 Tl^ r Mfti 

# £ Rj M 5fe 5f Tfe 14 «S HI £ £ A ft ft Jt # 

M 700nm j£ f?fj « 

16. $P Epfflf *ftJflgH$ 5 11^ r Mfti 

^ncs£«^ - mm j - ^ » mmte&m • ^ 

17. $n f£ st ¥ #j 95 a n 5 ii 2. r iftin-vifUi 

is. it n ^ij t b m it 5 11 2 r mft^*m-v^ftB-^j 



E-fSffl^^ 400 



! 
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chj «r w ffl as ifff « > ja ca w j^s^a ^m^m^nm ■ en 
Hfffffisi^ - fiiHif £ & # 5* *swmm,m.w -unit 

MMAW&tffflHRSfe ' ft tt tfE Iff a - 

h «r flf ffi & ffi ; jl eg «r £ a* » # 5$ *im?iiK&j*M > o 



H AT m ffi 83: M ^ • -S-Hlf ^ffif^^^ nr^^Mfi-Ufpi^ 
0* . Hlf .MMJIW3*Hfflj£fB ■ £lft«%*a 
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